Summary Background Data
There is a prevailing belief that surgeon experience affects patient outcomes in endocrine surgery, but there is a paucity of objective evidence outside of clinical series published by experienced surgeons that supports this view.
Methods
A cross-sectional analysis of all patients who underwent thyroidectomy in Maryland between 1991 and 1996 was conducted using a computerized statewide hospital discharge data base. Surgeons were categorized by volume of thyroidectomies over the 6-year study period: A (1 to 9 cases), B (10 to 29 cases), C (30 to 100 cases), and D (>100 cases). Multivariate regression was used to assess the relation between surgeon caseload and in-hospital complications, length of stay, and total hospital charges, adjusting for case mix and hospital volume.
Results
The highest-volume surgeons (group D) performed the greatest proportion of total thyroidectomies among the 5860 discharges, and they were more likely to operate on patients with cancer. After adjusting for case mix and hospital volume, highest-volume surgeons had the shortest length of stay (1.4 days vs. 1.7 days for groups B and C and 1.9 days for group A) and the lowest complication rate (5.1 % vs. 6.1% for groups B and C and 8.6% for group A). Length of stay and complications were more determined by surgeon experience than hospital volume, which had no consistent association with outcomes.
Conclusions
Individual surgeon experience is significantly associated with complication rates and length of stay for thyroidectomy. thyroid cancer, multinodular goiter, and select patients with hyperthyroidism.7 Overall, death from thyroid surgery is rare, and the incidence of recurrent laryngeal nerve injury, neck hematoma, thyroid storm, and hypoparathyroidism is low, although sequelae such as vocal cord paralysis and airway obstruction can be devastating.89 These reported complication rates vary dramatically, ranging from 0% to 14% for permanent recurrent laryngeal nerve injury and from 1.2% to 11% for permanent hypoparathyroidism.°0 It has been suggested that these rates are higher after more extensive resections (e.g., total thyroidectomy) and redo procedures, and when thyroid surgery is performed by lessexperienced surgeons. '1 Using administrative data, researchers have established an association between volume and clinical or economic outcomes for a variety of procedures. Improved outcomes may be the result of the improved technique that results from greater experience, selective referral of patients to high-volume centers or surgeons, or treatment of sicker patients by low-volume providers. Sometimes it is increased hospital volume that is associated with improved patient outcomes, as in the case of pancreaticoduodenectomy, cholecystectomy, coronary arteriography, and angioplasty, and sometimes it is surgeon volume that is significant, as for arthroplasty, coronary bypass surgery, repair of abdominal aortic aneurysms, partial gastrectomies, and colectomies. 6, [12] [13] [14] [15] [16] [17] There is a paucity of objective evidence outside of clinical series published by endocrine surgeons to support a consistent association between surgeon experience and patient outcomes. There is no benchmark for comparison that represents the outcomes of thyroid patients operated on by community surgeons. In addition, the evidence is contradictory; some small series suggest that low-volume surgeons, well-supervised surgical trainees, and surgeons at community hospitals can obtain excellent clinical outcomes.4'182 ' We conducted a statewide study of surgical procedures for benign and malignant thyroid disease to measure the effect of individual surgeon volume on clinical and economic outcomes, including in-hospital complications, length of stay, and hospital charges. Because several factors may confound these assessments, consideration was given to controlling for additional patient and hospital characteristics in the analysis.
METHODS

Hospital and Patient Characteristics
The study design was a cross-sectional analysis of hospital discharge data from nonfederal acute care 
Patient Outcomes
The outcomes of interest were in-hospital complications, mean length of stay, and mean total hospital charges. Inhospital death was not considered because it was extremely rare (only three in-hospital deaths in our study population). Complications were derived from patients' secondary diagnoses and procedures and included unanticipated conditions believed to be related to the index hospitalization (described as "surgical complications," "abnormal reactions," or "acute" events in the ICD-9 coding system; see Appendix A) to exclude preexisting comorbid conditions. We included complications that were directly related to surgery (e.g., recurrent laryngeal nerve injury) as well as those that were indirectly related (e.g., allergic drug reaction). There- fore, complication rates reported in this study may be higher than in those studies that report only complications directly related to surgery. It was not possible to measure compli-cation severity, so the outcome was treated as a dichotomous variable (no complications vs. one or more).
Complications included diagnoses and procedures in 10 
Statistical Analyses
The distributions of patient characteristics among provider groups were compared using analysis of variance for the continuous variables (age and comorbidity score) and the x2 statistic for categorical variables. Bivariate analyses were used to determine which variables were associated with our outcomes of interest. These analyses guided the selection of variables for adjustment in the multivariate regression models.
Multiple linear regression was used to assess how length of stay and mean total hospital charges differed between surgeon volume groups after adjusting for potentially confounding variables that included patient age, race, comorbidity score, thyroid diagnosis and procedure, insurance status, hospital volume, and time period. Because the distribution of length of stay and hospital charges was skewed to the right, we performed a natural log transformation to achieve a more normal distribution. To estimate adjusted length of stay and total charges for each group, we transformed the data back to their original scales by exponentiating values predicted by the models. Multiple logistic regression was used to model the risk of in-hospital complications between surgeon volume groups, adjusting for the same patient case mix and hospital volume variables indicated above. For all three outcomes (complications, length of stay, and charges), the full data set was used to calculate regression coefficients for the independent variables. These coefficients were then applied to patients within the different surgeon volume groups to derive adjusted outcomes. Finally, patients were stratified by thyroid diagnosis and procedure, and separate multivariate subgroup analyses were performed to measure the relation between surgeon volume and outcomes in these subgroups.
All statistical inferences pertaining to mean length of stay and hospital charges are based on the log-transformed data. Probability values greater than 0.05 are reported as nonsignificant. All probability values are the results of two-sided tests. Data management and analysis were performed using Paradox 4.5 (Table 5) , and who required more extensive and technically challenging operations, such as total thyroidectomy (Table 6 ). Although there were not significant differences in complication rates and charges between surgeon volume groups in 
DISCUSSION
In this analysis of statewide discharge abstract data for patients who underwent thyroidectomy in Maryland between 1991 and 1996, individual surgeon experience, rather than hospital experience, was significantly associated with complication rates and length of stay. This relation was observed in disease and procedure subgroups, and it remained significant after adjustment for patient case mix and time period. The association between surgeon procedure volume and outcomes has important implications for enthe management of adenomas, highest-volume surgeons (group D) had one-third fewer complications than their lowest-volume colleagues (group A) when they operated for other benign conditions and nearly two-thirds fewer complications than group A for cancer. Hospital charges were similar across volume groups for other benign conditions, but group D's charges for the management of thyroid cancer were lowest by a significant margin. Highest-volume surgeons had the shortest length of stay regardless of diagnosis, and all differences were statistically significant.
This pattern was borne out in Table 6 , where the most striking differences in patient outcomes by surgeon volume group were seen for the most complex procedures. For total thyroidectomy, group D had nearly 75% fewer postsurgical complications (p < 0.001) and the lowest charges (p < 0.05 vs. group B, p < 0.001 vs. group A).
Thyroidectomy complications and length of stay were more determined by surgeon than hospital volume. Hospital volume had no consistent association with outcomes. This was tested in a subgroup analysis of the 2094 (36%) surgeons with operating privileges at more than one hospital, which revealed that their patients' length of stay, for example, was associated with the volume of the surgeon's thyroid practice rather than the number of procedures done at the hospital where the operation was performed. As surgeon volume increased from group A to group D among surgeons those that were not directly related to the procedure. As a result, they appear to be higher than in studies that report only rates of recurrent laryngeal nerve injury, hypoparathyroidism, and wound complications. However, they are probably a conservative estimate of adverse patient events overall because they exclude some complications detected after hospital discharge, such as hypoparathyroidism and vocal cord paralysis.
This study provides compelling evidence for a significant association between increased surgeon volume and improved patient outcomes after surgical procedures for both benign and malignant thyroid disease. This evidence supports the referral of patients for thyroidectomy to high-volume surgeons. The relation between surgeon experience and complication rates, length of stay, and hospital charges is strongest for more complex thyroid diagnoses and procedures. Therefore, the case for referral to high-volume surgeons is especially compelling for patients with known or suspected thyroid cancer or patients for whom a near-total or total thyroidectomy is the procedure of choice. These findings have implications for patients, referring physicians, medical educators, and third-party payers responsible for setting medical coverage and reimbursement policies. 
